unilateral power gain for the InAs-inserted-channel HEMT with gate and drain biases of 005 and 0-75 V, respectively. As shown in Fig. 3 , fT is 264 GHz and /MI is 166 GHz. For a 015 x 50 jim 2 gate, the InAs-inserted-channel HEMT had an fT of 209 GHz, compared to 179 GHz for the conventional HEMT (Lw = 0). The InAs-inserted-channel HEMT thus has an fT 13% higher than the conventional HEMT.
gm (1) where gm is the intrinsic transconductance and Cp is the parasitic gate capacitance. Cp was experimentally estimated to be 108 fF/mm by etching off the SiN film under the top portion of the T-shaped gate. The InAs-inserted-channel HEMT with a 008 x 50jim 2 gate exhibited an extrinsic fT of 264GHz, so the intrinsic value of fT calculated from eqn. 1 can be estimated to be 340 GHz.
In conclusion, we have fabricated an InAlAs/InGaAs HEMT with a thin InAs layer inserted into the InGaAs channel (InAs-inserted-channel HEMT) with a sub-01/im gate length using the T-gate fabrication process. The transconductance is 2-1 S/mm, the current-gain cutoff frequency is 264 GHz, and the maximum oscillation frequency is 166 GHz, using a 008/jm-gate InAs-inserted-channel HEMT with SiN passivation film. This excellent performance is caused by the combination of the short gate and the superior electron transport of the InAs-inserted heterostructure. Moreover, the intrinsic value of fT can be estimated to be 340 GHz. This result shows that an fT above 300 GHz is possible using the InAs-inserted-channel HEMT and optimising the device structure to minimise parasitic gate capacitance.
NECESSARY AND SUFFICIENT CONDITION FOR UNIQUENESS OF SOLUTIONS OF CERTAIN PIECEWISE LINEAR RESISTIVE NETWORKS CONTAINING TRANSISTORS AND DIODES

V. C. Prasad
Indexing terms: Nonlinear systems, Nonlinear networks
Equations of the form F(x) =/(x) + Ax = y where
JY> A is a Po matrix and for all i = 1, 2,..., n, flxj, are monotonic and piecewise linear but not necessarily strictly monotonic, are studied. Such networks are shown to have a unique solution if the Jacobian determinant has the same sign in all the regions. This is much more general than several sufficient conditions available in the papers by Sandberg and Willson and by Chien. Furthermore it is not possible to improve this any further as the condition is both necessary and sufficient. A new sufficient condition is proposed to quickly check the sign condition on the Jacobians.
Introduction: Sandberg and Willson [1] [2] [3] studied the equation
New theorem: In a region Rlt eqn. 1 is of the form
where D i is a diagonal matrix with df denoting the jth diagonal element, df is the slope of fpcj) corresponding to the region Rt. Note that df can be zero if the characteristic //xj) has a zero slope in Rt. Consider a line L in x space joining any two points x (0) and x im \ Its equation is
Assume that this line passes through regions Rl,R2,. T and A is a Po matrix) very extensively from the point of view of uniqueness of solution. If fix,) is strictly monotonic and onto, then they showed that eqn. 1 has a unique solution. However, the characteristics of diodes that appear in networks «ontaining Ebers-Moll transistors and diodes saturate. Therefore to assume that 'f,(xL) is onto' is not practical. To overcome this problem, Sandberg and Willson [1] [2] [3] suggested several modifications, all of which require additional sufficient (not necessary) conditions on A. (The reader is referred to Sandberg [3] where the importance of this problem is more fully explained). At present there is no condition which is both necessary and sufficient. We show that if the Jacobian determinant has the same sign in all the regions (henceforth called the determinant sign condition), then uniqueness is guaranteed. Because this is a necessary condition, it cannot be further improved. However our result is true only for the piecewise linear case.
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Adding these equations and noting that kn -l0 = 1, we have /"•' does not have two solutions on this line if the left-hand side of eqn. 6 is not equal to a null vector. A sufficient condition to achieve this is to require that P(L) = A+ £ (A,-,!,_,)/>"> i= I is nonsingular [4] . • This theorem completely solves the problem addressed here for the piecewise linear case. This was extensively studied by Sandberg and Willson for the more general nonlinear case. Their problem is not completely solved.
Remarks:
(1) Sandberg and Willson [1, 2] and later Chien [4] proved that eqn. 1 has a unique solution if The commercial introduction of Er 3 + -doped fibre optic amplifiers (EDFAs) for use with 1-55 fim optical communications has occurred very recently. High-power, single spatial mode laser diodes emitting up to 210 mW at 980 nm have been demonstrated [1] . When fibre-pigtailed, these diodes deliver in excess of lOOmW of 980 nm continuous wave (CW) radiation from singlemode fibres as pump power for fibre amplification*. More recently, the possibility of applying fibre optic amplifier (FOA) technology to 1-3/xm based communication systems has been demonstrated by experiments using a Pr 3 + -doped fluoride glass fibre amplifier (PDFA) pumped by 1017 nm radiation [2] [3] [4] . Although most work in this area has used solid state lasers as sources of pump radiation, the preferred source is the semiconductor laser diode because of small size, high reliability and efficiency, and relatively low cost. However, because of the low overall efficiency of the Pr 3+ -doped fluoride glass, high singlemode optical pump power is required to make these fibre amplifiers viable. In this work, high power, index-guided, strained-layer InGaAs quantum well (QW) separate confinement heterostructure laser diodes emitting between 1020 and 1030 nm with maximum CW power of 460 mW, and single transverse mode operation to 245 mW CW are described.
The epitaxial layers used in this work are grown by metal organic chemical vapour deposition (MOCVD) on an « + -GaAs substrate. The epitaxial structure is a separate confinement heterostructure with Al04Ga0 6As cladding regions * DARBY, D.: Private communication
